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:|KOHU WHVWVDPRXQWV WRDERXWDWÂF\FOHVFRPSDUHGZLWK WKH IDWLJXHVWUHQJWKRI WKHEDVHPDWHULDO7KH
UHVXOWV LQGLFDWH D IDWLJXH FODVV RI VOLJKWO\ DERYH )$7 4XDVLVWDWLF DQG G\QDPLF WHVWV DFFRUGLQJ WR WKH.6








LV IXOO\ DXVWHQLWLF DQG H[KLELWV VWURQJ ZRUN KDUGHQLQJ E\ WKH 7:,3 HIIHFW *UDHVVHO  7KH RULJLQDO \LHOG
VWUHQJWKRI03DFDQEHLQFUHDVHGWRXSWR03DE\FROGIRUPLQJ0DWHULDODWORZDQGPLGGOHVWUHQJWKOHYHO
VKRZ DQ H[FHOOHQWZHOGLQJ VXLWDELOLW\ZKHUHDVZHOGLQJ EHFRPHV GLIILFXOW DW D VWUHQJWK DERYH DSSUR[LPDWHO\ 
03D /LQGQHU 7KH ZRUN KDUGHQLQJ LV ORVW LQ WKH IXVHG ]RQH EXW FDQ EH UHJDLQHG XSRQ GHIRUPDWLRQ
/LQGQHU*HUKDUGV'DKPHQ
([SHULPHQWV FRQGXFWHG E\%HKP HW DO  KDYH GHPRQVWUDWHG WKH IRUPDWLRQ RI DPDUWHQVLWLF SKDVH LQ WKH
GLVVLPLODUZHOGVRI7:,3+6' WR IHUULWLF60&'HSHQGLQJRQ WKHPL[LQJ UDWLRRI+6' LQWR60&
PRUHRU OHVVPDUWHQVLWH DSSHDUHG7KLV VKDOO EH H[SODLQHGE\ WKH VKLIWRI DXVWHQLWLF IRUPHU FRQFHQWUDWLRQ LQWR WKH
ZHOG SRRO ,Q WKLV VWXG\ WKHPRVW HIILFLHQWPLFURVWUXFWXUH WR EH REWDLQHGZLWK RYHUODSZHOGV RIIHULQJPD[LPXP
VKHDU IRUFHV ZDV WKDW ZLWK WKH ODUJHVW DXVWHQLWH IUDFWLRQ LQ WKH MRLQLQJ SODQH 7KLV LV DFKLHYHG WKURXJK IXOO
SHQHWUDWLRQ ZHOG ZHOGLQJ IURP 7:,3 WR 60& VKHHW ZLWK D VSHHG RI  PPLQ ,W ZDV HPSKDVL]HG WKDW
PHFKDQLFDOVKHDUVWUHQJWKRIWKHGLVVLPLODUZHOGVZDVQRWEHWWHUWKDQWKDWRIWKHZHDNHVWDOOR\
)XUWKHU VWXGLHV RQ GLVVLPLODU EXWW MRLQWV 7:,3 )H0Q& WR D 75,3 E\0XMLFD HW DO  UHSRUWHG
LPSRUWDQWVHJUHJDWLRQRIPDQJDQHVHLQWKH)=DQGVXEVHTXHQWPDUWHQVLWHIRUPDWLRQ0DQJDQHVHVHJUHJDWLRQVLQWKH
IRUPRI&0QSUHFLSLWDWHVKDYHDOVREHHQUHSRUWHGDORQJWKHGHQGULWHERXQGDULHVLQD7:,375,3EXWWMRLQWFORVHWR







LV PP LQ WKH FDVH RI WKHPDQJDQHVH VWHHO  DQG PP IRU WKH FKURPLXPQLFNHO  DQG WKH FKURPLXP VWHHO
UHVSHFWLYHO\
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'XULQJSURGXFWLRQWKHPDWHULDOVKDYHXQGHUJRQHGLIIHUHQWWUHDWPHQWV7KHKLJKPDQJDQHVHVWHHOZDVFROGUROOHG
IURP LWV LQLWLDO VWDWH DW D \LHOG VWUHQJWK RI  03D 7KH PLFURVWUXFWXUH LV IXOO\ DXVWHQLWLF &ROG UROOLQJ ZLWK
VXEVHTXHQW DQQHDOLQJ ZDV DSSOLHG DW WKH DXVWHQLWLF VWDLQOHVV VWHHO  %DVH IRU WKH PDUWHQVLWLF VWHHO LV D
PDUWHQVLWLFIHUULWLF VWDLQOHVV VWHHO SURGXFHG E\ FROG UROOLQJ DQG DQQHDOLQJ ,WV PLFURVWUXFWXUH FRQVLVWV RI 
DXVWHQLWH DQG  IHUULWH )RU SUHVV KDUGHQLQJ VKHHWV ZHUH DXVWHQLWLVHG DW  & TXHQFKHG LQ D PRXOG DQG
WHPSHUHG DW  & IRU  PLQXWHV 7KH UHVXOWLQJ PLFURVWUXFWXUH FRQVLVWV RI PDUWHQVLWH DQG DSSUR[LPDWHO\ 
DXVWHQLWH7DEOHJLYHVWKHVWDQGDUGYDOXHVIRUWKHPHFKDQLFDOSURSHUWLHV
7DEOH&KHPLFDOFRPSRVLWLRQVRIWKHVWHHOVLQZHLJKWSHUFHQW
0DWHULDO & 0Q 6L 6 3 &U
      
      










0DWHULDO 5P 5S $ +%
    
    
    

,QVSHFWLRQ ZDV VWDUWHG ZLWK D YLVXDO LQVSHFWLRQ RI WKH ZHOGV ZLWK WKH DLG RI D VWHUHR PLFURVFRSH $OO ZHOGV







+DUGQHVVDVVHVVPHQWZDVFDUULHGRXWXVLQJ WKHPHWKRGDIWHU9LFNHUV$SURRI ORDGRI1ZDVDSSOLHG IRU
VHFRQGV7KLVJLYHVZHOO UHVROYHG LQGLFDWLRQRI WKHKDUGQHVVGLVWULEXWLRQZLWKRXWEHLQJGLVWXUEHGE\KDUGSKDVHV
7HQVLOHWHVWVZHUHFDUULHGRXWDWUHFWDQJXODUVSHFLPHQVRQVTXDUHEXWWMRLQWVLQWUDQVYHUVHGLUHFWLRQ)RUFHHORQJDWLRQ
FXUYHVZHUHUHJLVWHUHG7KHWHVWVZHUHFRQGXFWHGORDGFRQWUROOHGDWDGHIRUPDWLRQUDWHRIPPPLQ








&2 ODVHU ZHOGV LQ WKLQ VKHHW :LWK LQFUHDVLQJ GLIIHUHQFH LQ VKHHW WKLFNQHVV WKH DV\PPHWU\ EHFRPHV PRUH
SURQRXQFHGDQGWKHZHOGOLQHEHFRPHVVOLJKWO\FXUYHG
)LJXUH VKRZV WZRPLFUR VHFWLRQVRI WKH VLPLODUZHOG LQ7KHKHDWDIIHFWHG ]RQH LQ ILJXUH D LV YHU\
VPDOO GXH WR WKH ORZ WKHUPDO FRQGXFWLYLW\ RI WKH 7:,3 VWHHO /DQ  2YHU DZLGWK RI  P VOLJKW JUDLQ









0L[LQJ IHDWXUHV EHFRPH REYLRXV LQ WKH ZHOG RI WKH FRPELQDWLRQ  DQG  $ SKRWRJUDSK RI WKH
PLFURVWUXFWXUH DW WKH ZHOG FHQWUH OLQH LV VKRZQ LQ ILJXUH D 'XH WR WKH LQFUHDVHG FDUERQ FRQWHQW LQ WKHPL[HG
PDWHULDO WKH VROLGLILFDWLRQ DSSHDUV WR EH FROXPQDUZLWK GHQGULWLF VXEVWUXFWXUH ,Q ILJXUH  E DQG F GHWDLOV RI WKH
PLFURVWUXFWXUH DW WKH IXVLRQ OLQH RI WKH  DUH GHSLFWHG 7KHPLFURVWUXFWXUH RI WKH IXVHG ]RQH DSSHDUV IXOO\
DXVWHQLWLF 7KH VROLGLILFDWLRQ RFFXUV DV FROXPQDU ZLWK GHQGULWLF VXEVWUXFWXUH &RPSDUHG WR WKH VLPLODU MRLQW WKH
PLFURVWUXFWXUH KDV OHVV SUHIHUHQWLDO RULHQWDWLRQ DQG WKH GHQGULWH VSDFLQJ LV VPDOOHU $W WKH IXVLRQ OLQH RI WKH
ILJ E WKH HTXLD[LDOO\ VROLGLILHG XQPL[HG ]RQH LV YLVLEOH $GMDFHQW LQ WKH IXVHG PDWHULDO VLQJOH DOOR\
FDUELGHVVHJUHJDWHGDWWKHERXQGDULHVRIWKHILUVWOD\HURIFROXPQDUFU\VWDOOLWHVILJF
)LJXUH VKRZVDGHWDLORI WKHPLFURVWUXFWXUHDW WKHZHOGFHQWUH OLQH LQDGLVVLPLODUZHOGEHWZHHQDQG
%HVLGHVFROXPQDUJUDLQVZLWKGHQGULWLFVXEVWUXFWXUHWKHUHGHYHORSHTXLD[HGJUDLQVGLUHFWO\VLWXDWHGDWWKH
FHQWUH ,Q VRPHJUDLQV D ODWK VWUXFWXUH LVYLVLEOH LQGLFDWLQJPDUWHQVLWH ,Q ILJXUHEDPLFURJUDSKRIKHDWDIIHFWHG
]RQHLVVKRZQ2QWKHQRWIXVHGVLGHRIWKHIXVLRQOLQHDEULJKWOD\HURIDZLGWKRIPLVREVHUYHG$VWKHWKHUPDO
F\FOH LV FKDUDFWHULVHG E\ KLJK WHPSHUDWXUH DERYH $ DQG FRROLQJ UDWH WKLV OD\HU LV FRQVLGHUHG WR FRQVLVW RI
XQWHPSHUHGPDUWHQVLWH)LJXUHFVKRZVDGHWDLOZLWKDYLVLEOHSDUWLDOPROWHQXQPL[HGDQGWUDQVIRUPHG]RQH7KLV
PDUWHQVLWLFDUHDLVIROORZHGE\DUHJLRQZLWKSDUWLDOO\KDUGHQHGPDWHULDORYHUDZLGWKRIPDWWKHFHQWHUDQG
PPDW URRWDQGXSSHUEHDG%HWZHHQ WKLV]RQHDQG WKHEDVHPDWHULDODQDUHDZLWK ODUJHUJUDLQV LQGLFDWLQJDQ
LQFUHDVHGFRQWHQWRIDXVWHQLWHFDQEHVHHQLQWKHFURVVVHFWLRQDVGDUNHUDUHD+HUHDWHPSHULQJRIWKHKDUGHQHGEDVH
PDWHULDORFFXUV
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$VUHVXOWVRIWKHKDUGQHVVPHDVXUHPHQWVWKHGLVWULEXWLRQRILQGHQWDWLRQKDUGQHVVLVGLVSOD\HGLQILJXUH,QFDVH
RIDVLPLODUZHOGDGHFUHDVHIURPDYHUDJH+9WRDSSUR[LPDWHO\+9EHFRPHVREYLRXV7KLVUHSUHVHQWV
WKH KDUGQHVV RI WKH VROXWLRQ DQQHDOHGPDWHULDO 7KH WUDQVLWLRQ LV VPRRWK QR H[WUHPDO YDOXHV DUHPHDVXUHG 7KLV
LQGLFDWHVWKHORVVRIKDUGQHVVDQGKHQFHVWUHQJWKE\VWUHVVUHOLHYLQJWKURXJKWKHZHOGLQJKHDW7KHWRWDOZLGWKRI
WKHKHDWDIIHFWHG]RQHLVLQGLFDWHGWRDERXWPP7KHKDUGQHVVGLVWULEXWLRQRIWKHZHOGWRVKRZVD
VWUDLJKW WUDQVLWLRQIURPDSSUR[LPDWHO\ WR+9EHWZHHQ WKHPDWHULDOV ,Q WKHFRPELQDWLRQZLWK WKHSUHVV
KDUGHQHG PDUWHQVLWLF VWDLQOHVV VWHHO D PRUH FRPSOH[ SDWWHUQ HYROYHV +DUGQHVV GHFUHDVHV IURP  +9 WR DQ
DYHUDJHYDOXHEHWZHHQDQG+97KLVVFDWWHULQJLVDVVXPHGWREHDQHIIHFWRIPL[LQJRIWKHPDWHULDOV2Q













QRUPDOL]HG PDWHULDO ,Q WKH FDVH RI WKH UHG FXUYH WKH FUDFN LQLWLDWHG DW WKH ZHOG FHQWUH OLQH RQ WKH HGJH RI WKH
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IUDFWXUHVWUDLQRIWRDQGDQHFNLQJRIWRLQWKHEDVHPDWHULDO7KHUHGFXUYHLVQRWUHSUHVHQWDWLYHIRU
WKHSHDNYDOXHVEHFDXVHWKHVSHFLPHQH[SHULHQFHGVRPHVOLSLQWKHZHGJHGFODPSVEXWVKRZVWKHVDPHVORSHXQWLO











RI WKH IXVHGPDWHULDO OHDGLQJ WR \LHOGLQJ RI WKHZHOG ILUVW'HIRUPDWLRQ LV EORFNHG E\ WKH VWURQJPDWHULDO RI WKH
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)LJ6WDQGDUGDQGPRGLILHG6FKDHIIOHUFXUYHZLWKDQLQGLFDWLRQRIWKHDOOR\VXQGHULQYHVWLJDWLRQ
$V WKHFRPSRVLWLRQRI WKH IXVHGPDWHULDO LV FRQVLGHUHG WREHGHILQHGE\PL[LQJRIERWKSDUWQHUPDWHULDOV LW LV
H[SHFWHG WKHLU LQGLFDWLRQ OLHVRQ WKHFRQQHFWLQJ OLQHV7DEOH OLVWV WKH UHVXOWV IURP ORFDO('6PHDVXUHPHQWV WKH
ILJXUHVDUHV\PEROLVHGE\WULDQJOHVLQWKH6FKDHIIOHUGLDJUDPLQILJXUH7KHUHLVGHSHQGLQJRQWKHORFDOPL[LQJ
VLWXDWLRQ DZLGHYDULDWLRQRI DOOR\LQJ HOHPHQWV5HFDOFXODWLRQ IURP WKH('6PHDVXUHPHQWV XVLQJ WKH QLFNHO DQG
FKURPLXPHTXLYDOHQWV VKRZDSSUR[LPDWHO\ WKH VDPH WUHQG ,Q WKH VLPLODU MRLQWV WKH DFWXDO FRPSRVLWLRQ VKLIWV WKH
SKDVH GLVWULEXWLRQ WRZDUGV WKH IHUULWLF DQGPDUWHQVLWLF UHJLRQ JUH\ WULDQJOHV XSVLGH GRZQ )RU WKH JUDGH 
ZHOGVZLWK WKHSDUWQHUXSULJKWJUH\ WULDQJOHV WKHVWUXFWXUHSUHGLFWHGFDQFRQWDLQXS WR IHUULWHDQG
DOVR WUDFHV RIPDUWHQVLWH 7KH GHFUHDVH LQ QLFNHO HTXLYDOHQW FDQ EH FDXVHG E\ WKH ORVV RIPDQJDQHVHZKLFK FDQ
DPRXQWWRXSWR'DKPHQ'DDPHQ+LUWRUE\GLOXWLRQ1LFNHOVXSUHVVHVWKHIRUPDWLRQRIPDUWHQVLWHEXW
PD\RFFDVLRQDOO\ OHDG WR WKHVHJUHWDWLRQRIFDUELGHV ,Q WKHZHOG WRZKLWH WULDQJOHV WZRPHDVXULQJDUHDV





0DWHULDO & 0Q 6L 6 3 &U 1L 1LHT &UHT 3KDVHV
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 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ZDV EHQHILFLDO LQ RUGHU WR LPSURYH WKH IDWLJXH SURSHUWLHV 'DKPHQ HW DO E7KH UHDFWLRQRI WKH DXVWHQLWLF
KLJKPDQJDQHVH VWHHO DQG HVSHFLDOO\ LWV VWUHQJWK RQ VXFK D KHDW WUHDWPHQW LV FXUUHQWO\ QRW NQRZQ 0D]DQFRYi
5XåLDNDQG6FKLQGOHUKDYHSURYHQWKDWKLJKPDQJDQHVHVWHHO)H&0Q$O6LWROHUDWHVDKHDW
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WUHDWPHQWDW&IRURQHKRXUZLWKRXWORVVRIKDUGQHVV$WDGZHOOWLPHRIVL[PLQXWHVDQLQFUHDVHLQKDUGQHVV







)LUVW WHVWVRQZHOGLQJVXLWDELOLW\RIDQDXVWHQLWLFVWDLQOHVVKLJKPDQJDQHVHVWHHO LQVLPLODUDQGGLVVLPLODU MRLQWV
KDYHEHHQFDUULHGRXW7KHUHVXOWVVKRZDJHQHUDOVXLWDELOLW\GHOLYHULQJFUDFNIUHHZHOGVLQWKLQJDXJHVKHHWPDWHULDO
)RUVTXDUHEXWWZHOGV WKHPHFKDQLFDOSURSHUWLHVVWLOOKDYH WREH LPSURYHG6LPLODUZHOGVEUHDN LQ WKH IXVHG]RQH
WKURXJK ZHDNHQLQJ RI WKH PDWHULDO E\ WKH FDVW VWUXFWXUH DW WKH VWUHQJWK RI WKH VROXWLRQ WUHDWHG PDWHULDO ,Q WKH
FRPELQDWLRQZLWK WKH DXVWHQLWLF VWDLQOHVV VWHHO WKH VWUHQJWK LV GHWHUPLQHG E\ WKHZHDNHU SDUWQHU  )UDFWXUH
EHKDYLRXURIWKHFRPELQDWLRQZLWKWKHSUHVVKDUGHQHGPDUWHQVLWLFVWDLQOHVVVWHHOLVPRUHFRPSOLFDWHG)DLOXUH
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